Given concerns about the depletion of the Social Security Trust Fund, policymakers are considering several proposals to improve the financial sustainability of the program, including some that would lower benefits over time. The extent to which reductions in Social Security benefits impact individual health and well-being is not well understood. Using data from a nationally representative survey of older adults, we examine the impact of changes in Social Security income on a broad range of elderly health outcomes, including cognitive function,
the implications of our findings for aging populations and for public policy.
The paper finds that:
• Higher Social Security benefits due to amendments to the Social Security Act in the 1970s led to significant improvements in elderly health outcomes. Specifically, individuals receiving higher Social Security benefits due to these amendments saw significant improvements in functional limitations (e.g. bathing, eating, preparing meals) and cognitive function.
• Improvements in health are not uniform across all groups. In particular, improvements in cognitive function were larger for individuals with better cognition.
• Further, higher Social Security income led to significant decreases in depressive symptoms but only in the case of households whose primary Social Security beneficiary had less than a high school education.
The policy implications of the findings are:
• Our findings have important implications for aging populations and for public policy.
Our findings suggest that cuts to Social Security benefits could potentially have significant negative impacts on the functional limitations and cognitive function of older adults, while increases in benefits could lead to improvements in health outcomes.
• In addition to the direct impact on population health, increases in Social Security benefits could potentially be offset by reduced health care expenditures by the Medicaid or Medicare program, since functional limitations and cognitive impairments are often associated with significant health care spending.
Executive Summary
As U.S. policymakers consider various proposals to address the financial sustainability of the Social Security program, it is important to evaluate the extent to which reductions in Social Security benefits may impact individual health and well-being. Although a positive association between income and health has been documented by prior literature, the extent to which this association represents causal effects is not well understood. In this study, we use a quasiexperimental approach to evaluate the impact of Social Security income on a wide range of health outcomes, including cognitive function, depression, disability and self-rated health.
Income may affect health through several pathways. Higher income reduces financial strain, resulting in lower stress and fewer depressive symptoms, which have also been linked to cognitive decline. Individuals with higher incomes have better access to health care, which may help delay the onset of severe health conditions or better manage current chronic conditions.
Higher Social Security income has been shown to increase the likelihood of early retirement, and there is strong evidence that early retirement leads to faster declines in cognition. On the other hand, retirement has also been shown to improve psychological well-being. Further, unmeasured confounders (e.g. childhood environment, school quality) may influence both income and health, or causality may run from health to income, leading to a spurious correlation between the two. Therefore, the net impact of Social Security income on health outcomes is an empirical question.
To identify the causal impact of Social Security benefits, we examine changes in Social Security income due to amendments to the Social Security Act in 1972 and 1977, commonly referred to as the "Social Security Notch." Prior to 1972, Social Security payments were not indexed for inflation and benefits instead had been periodically increased by Congress. In 1972, the Social Security Act was amended to provide an annual automatic cost-of-living adjustment for benefits. However, the formula used to index benefits was flawed, leading to a faster increase in benefits relative to inflation (referred to as "double indexation"). To correct this error, the Social Security Act was amended in 1977, leading to a reduction in benefits for those born in 1917 or later. These changes resulted in higher benefit amounts for individuals born during 1915 to 1917, compared to adjacent cohorts with the same work history. Thus, by comparing the health outcomes of persons born during 1915 to 1917 to the health of adjacent cohorts, we are able to identify estimates of the relationship between income and health based on quasi-experimental evidence.
We use data from the Study of Assets and Health Dynamics among the Oldest Old
(AHEAD), a longitudinal survey of community dwelling older adults and their spouses. We restrict our sample to households born between 1901 and 1930 and employ an instrumental variables regression model to identify the causal impact of Social Security benefits on health.
The instrument is a binary indicator for being born during 1915 to 1917, and the key explanatory variable is self-reported Social Security income at the household level. Social Security income is, on average, about $420 higher for the 1915-1917 cohort compared to the other cohorts.
Dependent variables include four measures of cognitive function: serial 7, which measures working memory; word recall, which measures episodic memory; mental status, which measures knowledge, language, and orientation; and the total cognition score, which sums the mental status and word recall scores. We also estimate regressions using the count of Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) limitations as dependent variables. Depression is measured using an abridged 8-item version of the Center for Epidemiologic Studies (CESD) scale that asks respondents how they felt for much of the time over the past week (e.g. depressed, lonely). Self-rated health is based on a survey question asking individuals to rate their health as excellent, very good, good, fair or poor. Regressions also include a basic set of sociodemographic characteristics (e.g. age, gender, race and ethnicity, geographic region of residence, and marital status).
We find that higher Social Security benefits due to the 1977 amendments led to significant improvements in cognitive function and reductions in ADL and IADL limitations.
Specifically, a $1,000 increase in annual Social Security income increases the total cognitive score by approximately 4 percent and decreases ADL and IADL limitations by approximately 16 percent. In addition, we find that the number of depressive symptoms decreases by about 19 percent for households whose primary Social Security beneficiary has less than a high school education, but there is no significant change in the mental health of households whose primary beneficiary has a high school degree or higher education. Further, we use instrumental variable quantile regression models to assess differences in the impact of income at different quantiles of the distribution of total cognition. We find that the effect of income is larger at higher quantiles, suggesting that individuals with better cognitive function experience larger gains. Our findings suggest that changes to Social Security benefits have important implications for the health and well-being of the elderly. Reductions to benefits could potentially have significant negative
Introduction
The U.S. Social Security program is expected to face substantial financial challenges in the near future due to demographic changes, including population aging due to the baby boom generation, increasing life expectancy, and a declining worker-to-beneficiary ratio. Proposals to address concerns about the financial sustainability of the Social Security program include reducing benefits to future recipients. For example, a potential change to the Social Security program is to index benefits using the chained Consumer Price Index, which would result in lower annual increases for recipients. Other changes would increase benefits for certain targeted groups. For example, another potential change is to increase the minimum Social Security benefits for low-wage workers (Springstead, Whitman, and Shoffner 2014) . The extent to which such changes in Social Security benefits affect individual health and well-being is not well understood. Existing studies have not reached a consensus on the impact of Social Security benefits on health; decreases in benefits due to amendments to the Social Security Act in 1977 significantly reduced prescription drug use (Moran and Simon 2006) and mortality rates (Snyder and Evans 2006) , but did not have any impact on weight (Cawley, Moran, and Simon 2010) .
More generally, there is not a consensus on the impact of income, including retirement income, on health outcomes (Smith 1999) . In this study, we contribute to this literature and the understanding of the potential influences of changes to Social Security benefits by evaluating the impact of Social Security income on a broad set of health outcomes among the elderly, including cognitive function, depression, disability, and self-rated health.
In addition to affecting individual well-being, the health outcomes we focus on are associated with substantial health care expenditures and impose a significant financial burden on public programs such as Medicare and Medicaid (Ayyagari, Salm, and Sloan 2007 , Unützer et al. 2009 , Hurd et al. 2013 . Declines in self-rated health and in cognition often precede the onset of more severe health conditions such as Alzheimer's disease (AD) or other dementias, which can seriously impair an individual's ability to carry out even basic daily activities. Aggregate health care payments for persons with AD, estimated to be $200 billion in 2012, are expected to grow over the next few years due to the aging of the baby boom generation (Alzheimer's Association 2012). Depression is strongly associated with low income and is often more severe among persons with disability.
Social Security income could affect health outcomes among the elderly through several pathways. Greater income could improve health through less financial strain, better access to health care, and more beneficial living arrangements. Higher income reduces financial strain, resulting in lower stress and fewer depressive symptoms, which in turn slows age-related cognitive decline (Mendes De Leon, Rapp, and Kasl 1994) . Individuals with greater income have greater access to health care, which may help delay the onset of severe health conditions or better manage current chronic conditions. Even among Medicare beneficiaries, income is correlated with more coverage through the purchase of supplemental Medigap coverage (Ettner 1997, Fang, Keane, and Silverman 2008) . Social Security income has also been shown to affect the likelihood of living with others for elderly widows and divorcees (Engelhardt, Gruber, and Perry 2005) . Some studies have found that living alone is detrimental to neurocognitive health and is associated with more depressive symptoms (Daviglus et al. 2010 ). Higher income, in particular higher Social Security income, has been found to reduce labor supply and lead to early retirement (French 2005, van der Klaauw and Wolpin 2008) . Previous research has documented that reductions in Social Security benefit levels have led to increases in labor force participation for persons older than 65 years (Snyder and Evans 2006) . There is strong evidence that being engaged in work is protective of cognitive impairment and that early retirement leads to faster declines in cognition (Rohwedder and Willis 2010 , Bonsang, Adam, and Perelman 2012 , Mazzonna and Peracchi 2012 . Therefore, early retirement or reduced work may offset the other beneficial pathways through which higher income affects cognition. However, the impact of retirement is not uniform across all health outcomes. In particular, prior work has found that retirement improves psychological well-being (Charles 2004) . Therefore, the net relationship between income and health outcomes is theoretically ambiguous. Further, any observed association between income and health may represent a spurious correlation due to unmeasured confounders that are correlated with both income and elderly health outcomes, such as childhood environment (Almond and Currie 2011) .
This project examines the relationship between Social Security income and the health of elderly individuals by using a quasi-experimental approach to identify the causal impact of income on cognitive function, disability, depression and self-rated health. Specifically, we assess the impact of exogenous changes to Social Security benefits due to amendments to the Social Security Act in 1972 and 1977, commonly referred to as the "Social Security Notch," These amendments resulted in adjacent cohorts receiving different benefits for the same work history. Using data from the Study of Assets and Health Dynamics among the Oldest Old (AHEAD), we find that higher Social Security income improves cognitive function, disability and mental health but has no impact on self-rated health.
Background on the Social Security Notch
The Social Security notch has been described in detail by prior studies (Krueger and Pischke 1992, Engelhardt, Gruber, and Perry 2005) and on the website of the Social Security Administration.
1 Here we provide a brief overview of the notch changes that are relevant to our study. Prior to 1972, Social Security payments were not indexed for inflation and benefits instead had been periodically increased by Congress. In 1972, the Social Security Act was amended to provide an annual automatic cost-of-living adjustment for benefits. However, the formula used to index benefits was flawed, leading to a faster increase in benefits relative to inflation (referred to as "double indexation"), so that workers born after 1910 received an unintended windfall gain. This error was corrected by Congress in 1977, leading to a reduction in benefits for those born in 1917 or later. To avoid abrupt changes for those close to retirement, a five-year transition period was implemented during which benefits were gradually reduced based on a special transition formula. For persons born in 1922 or later, benefits are calculated using the new formula implemented in 1977. These changes resulted in different cohorts receiving different benefits for the same work history. Moreover, due to grandfathering provisions, these policy changes resulted in permanent changes in the Social Security benefits received by these cohorts. The amendments directly affect individuals' incomes but do not impact health or other confounding factors directly. Therefore, by comparing the health outcomes of persons in nearby cohorts with differing Social Security income due to the 1977 amendments, we are able to address key limitations of extant literature and provide estimates of the relationship between income and health based on quasi-experimental evidence.
Data
We use data from the AHEAD longitudinal survey of community-dwelling persons born before 1924 and their spouses, regardless of age. Respondents were first interviewed in 1993
and then re-interviewed in 1995. We use data only from the 1993 wave of the AHEAD to avoid any concerns about attrition between waves.
The dependent variables include a wide range of health measures. The AHEAD includes detailed measures designed to capture various dimensions of cognition: knowledge, reasoning, orientation, calculation, and language. Specifically, we use the following four measures of cognitive function: 2 (1) serial 7, (2) word recall, (3) mental status, and (4) total cognition score.
The AHEAD measures were derived from well-validated scales such as the Mini-Mental State Examination and the Telephone Interview for Cognitive Status and were adapted so that they could be administered in a large population study (Herzog and Wallace 1997) . They have been
shown to have satisfactory psychometric properties and construct validity (Herzog and Wallace 1997) .
Serial 7 measures working memory based on a task in which respondents are asked to subtract 7 from 100 and to continue subtracting 7 from each subsequent number for a total of five times. The score, ranging from 0 to 5, is the count of correct subtractions across the five trials, with each subtraction being assessed independently. Word recall, a measure of episodic memory, is based on a list of 10 nouns read to the respondent who is then asked to recall as many words as possible in any order (immediate word recall). After approximately 5 minutes, during which time respondents are asked other survey questions, they are asked to repeat the task (delayed word recall). The score, which is the number of words that were correctly recalled from both times, ranges from 0 to 20. Mental status is based on various tests designed to measure knowledge, language and orientation, and sums the scores for serial 7, backwards counting from 20, object naming, date naming and president/vice-president naming. Respondents are asked to count backwards as quickly as possible beginning with the number 20. Answers are coded 0 for incorrect, 1 for correct on the second try and 2 for correct on the first try. In addition, respondents are asked to report the month, day, year and day of the week during their interview, and to name the object they would "usually use to cut paper" and "the kind of prickly plant that grows in the desert." Each answer is coded 1 for a correct response and 0 for an incorrect one.
New-interviewees and re-interviewees ages 65 years or older are also asked to name the current President and Vice President of the United States. Answers are coded 1 for getting each last name right and 0 otherwise. The mental status score ranges from 0 to 15, with a higher value representing better cognition. Total Cognition Score sums the mental status and word recall scores, and imputes values for missing observations (Fisher et al. 2012, Ofstedal, Fisher, and Herzog 2005) . This measure ranges from 0 to 35, with a higher value representing better cognition.
In addition to cognitive function, we assess the impact of income on self-rated health, disability and depression. 3 Self-Rated Health is based on a survey question asking respondents to rate their health as excellent, very good, good, fair or poor health. We estimate separate models using the continuous measure (ranging from 1 for excellent to 5 for poor health) and a binary indicator for fair or poor health. Disability is measured using the count of limitations performing ADL) and IADL. For ADLs, the survey asks about difficulty walking across a room, dressing, bathing, eating, getting in and out of bed, and using the toilet. For IADLS, the survey asks about difficulty using the phone, taking medication, managing money, and shopping for groceries or preparing meals. Depression is measured using an abridged 8-item version of the Center for Epidemiologic Studies (CESD) scale. Respondents are asked how often they felt depressed, that everything was an effort, whether sleep was restless, felt they could not get going, felt lonely, enjoyed life, felt sad and were happy. In addition to the continuous CESD score, we also use a binary indicator for clinical depression based on a threshold of three or more depressive symptoms. This threshold has been used by prior studies to evaluate clinically relevant depressive symptomatology (Ayyagari and Shane 2015, McInerney, Mellor, and Nicholas 2013).
The key explanatory variable is self-reported household income from Social Security retirement, spousal or widow benefits. All regressions include a basic set of covariates -own age and gender, the primary beneficiary's age, race and ethnicity, census region of residence, a binary indicator for residing in an metropolitan statistical area and indicators for the type of household: male head-married, male head-single, female head-never married, female headwidowed (female head-divorced forms the reference category).
We follow previous studies on the Social Security benefits notch (Krueger and Pischke 1992 , Moran and Simon 2006 , Cawley, Moran, and Simon 2010 , Goda, Golberstein, and Grabowski 2011 in constructing the analysis sample. The analysis is restricted to households in which the primary beneficiary was born between 1901 and 1930. In the case of two-person or male-only households, the male member is designated as the primary beneficiary. In the case of never-married females, the female is designated as the primary beneficiary. In the case of divorced or widowed females, the deceased or former husband is designated as the primary beneficiary. Since year of birth is not available for deceased or former husbands, we subtract three years from the female's year of birth to compute the primary beneficiary's year of birth.
Engelhardt, Gruber and Perry (2005) has shown that the median age difference between spouses in this cohort was three years. In addition to the birth-year restrictions, we exclude households that report a Social Security income of less than $100 per month and observations with missing or incomplete data. Table 1 presents summary statistics for the full sample and separately for the cohorts used to create the instrumental variable (described below). The average annual Social Security income for the sample is nearly $11,000, which is about 39 percent of total household income, and the average age of the primary Social Security beneficiary is nearly 78 years old. Social Security income is, on average, about $420 higher for the 1915-1917 cohort compared to the other cohorts. This cohort difference in benefits is about $1,020 for households whose primary beneficiary has less than a high school education (not shown).
Methods
We first estimate the association between Social Security income and each measure of health separately using ordinary least squares (OLS):
where ℎ represents a measure of health as previously described for individual in household ℎ. The key explanatory variable in equation 1 is Social Security income at the household level (' ') and denotes the covariates.
As mentioned above, a key concern with evaluating the relationship between income and health is that unobserved factors may be correlated with both Social Security income and health outcomes leading to a spurious correlation between the two variables. Further, causality may run in the reverse direction with health influencing income, although this is less likely in the case of Social Security income. Thus, the estimate 2 from Equation (1) does not identify the causal impact of Social Security income. To address the endogeneity of income, we estimate an instrumental variable (IV) model using the following specification:
The IV ( ℎ ℎ ) is a binary indicator that takes the value one for households whose (Goda, Golberstein, and Grabowski 2011 , Cawley, Moran, and Simon 2010 , Moran and Simon 2006 . We can also assess the strength of the instrument in our sample based on the Fstatistic of the weak instrument test (Staiger and Stock 1997, Stock and Yogo 2005) . The second key assumption is that the instrument should not be correlated with health except via its effect on income (exclusion restriction). Although this assumption is typically not testable, in the case of our application, it is plausible that being born during 1915 to 1917 should not be correlated with health relative to other adjacent cohorts except due to the differences in Social Security benefits due to the 1977 amendments. All regressions cluster the standard errors at the year of birth level, to account for correlations in health outcomes within birth cohorts.
In addition to estimating the overall impact of Social Security benefits on health, we examine the extent to which these effects vary by educational attainment. 4 Further, to examine the heterogeneity of the impact of income by level of health, we estimate instrumental variable quantile regression (Chernozhukov and Hansen 2008) where equations 2 and 3 are modified to estimate the impact of income at various quantiles of the distribution of health. Specifically, we focus on the 0.10, 0.25, 0.5, 0.75, and 0.90 quantiles. Because this methodology is most appropriate for continuous variables, we restrict these analyses to the total cognition score.
5
Quantile regression allows us to estimate the impact of income not only at the center but also at the tails of the distribution of cognition, thereby providing information on the extent to which changes in Social Security benefits could potentially influence disparities in cognition.
Results
We begin by examining the correlation between Social Security income and cognitive function using the OLS models (Table 2) . Across all four measures of cognition, there is a positive, significant correlation between income and cognition, although the magnitudes of the point estimates are rather modest. Specifically, a $1,000 increase in annual income is associated with a 0.05 higher serial 7 score, 0.1 higher word recall and mental status score, and a 0.2 higher total cognition score. Relative to the sample means, these estimates represent a 1.4 percent increase in the serial 7 score, a 1.2 percent increase in word recall, a 0.8 percent increase in mental status, and a 0.9 percent increase in the total cognition score. Next, we assess the correlation between income and self-rated health, ADLs, IADLs and the CESD score (Table 3) .
For each of these measures, a higher value indicates worse health. We find that higher income is significantly associated with better self-rated health, fewer ADL and IADL limitations, and fewer depressive symptoms. The point estimates presented in Table 3 represent a 1 percent decrease in self-rated health, a 4.1 percent in ADLs, a 5.2 percent decrease in IADLs and a 2.1 percent decrease in the CESD score.
As discussed above, these estimates do not represent causal effects due to unobserved factors that may be correlated with both income and health outcomes. Therefore, we account for the endogeneity of income using the IV models represented by equations (2) and (3). In Table 4 Security income approximately $700 greater than other cohorts. Accounting for the endogeneity of income, we find a significant positive impact of Social Security income on all four measures of cognitive function. Relative to the sample mean, there is a 4.8 percent increase in the serial 7 score, a 6.6 percent increase in the recall score, a 2.1 percent increase in the mental status score, and a 3.9 percent increase in the total cognition score. The IV models identify a larger effect than the OLS models, which may be due to measurement error in self-reported Social Security income which would bias OLS estimates towards zero. It is also plausible that unobserved factors are correlated with income and cognition in ways that bias OLS estimates downwards. Table 5 presents results from the IV models for self-rated health, disability and depression. There is no longer a significant effect of income on self-rated health, suggesting that the correlation identified by OLS models may be driven by unobserved confounders. We also estimated OLS and IV models using the binary indicator for fair or poor self-rated health (not shown). Results were similar to the ones obtained using the continuous measure. In contrast, we do find a significant reduction in functional limitations even after accounting for the endogeneity of income. Relative to the sample mean, there is a 15.8 percent reduction in the number of ADL limitations and a 15.7 percent decline in the number of IADL limitations. We also find a 9.1 percent decrease in the number of depressive symptoms; however, this estimate is only significant at the 10 percent level.
In Tables 6 and 7 , we explore heterogeneous effect by educational attainment.
Specifically, we estimate separate regressions for households whose primary Social Security beneficiary has less than a high school education and for households whose primary beneficiary has a high school degree or higher education. Heterogeneity by education is important for two reasons. First, the 1977 amendments also increased the covered earnings maximum used to calculate the "average indexed monthly earnings" (AIME), which summarizes up to 35 years of a worker's indexed earnings and is used to determine benefits. As a result of this change, the notch had a larger effect on persons with less than a high school education (Goda, Golberstein, and Grabowski 2011) . Secondly, education is well known to be strongly correlated with health.
Therefore, Social Security benefits may differentially affect the health of low-education households compared to high-education households. Table 6 shows that the impact of income on cognition does vary by education. For serial 7, mental status, and total cognition, we find that Social Security income has a positive impact on cognition for households whose primary beneficiary has less than a high school degree. For households whose primary beneficiary is a high school graduate, Social Security income does not have a statistically significant influence on cognition for any of the measures, although the point estimates are larger than the point estimates for low-education households for word recall and total cognition.
We do not find significant effects of income on self-rated health or disability when we stratify the sample by education (Table 7) . However, in the case of CESD score, there is a large and significant effect of income for low-education households. In contrast, the estimate for high=education households is small in magnitude and statistically insignificant. Further, we evaluate the extent to which these decreases in the number of depressive symptoms represent clinically meaningful improvements in mental health. Using a binary indicator of three or more depressive symptoms, we find that a $1,000 increase in Social Security income decreases the probability of three or more depressive symptoms by 2 percentage points (or 8 percent relative to the sample mean) in the full sample (not shown). This effect is significant at the 10 percent level. Consistent with the results using the continuous CESD measure, we find that higher Social Security benefits are associated with a large, significant decline in the likelihood of depression among households whose primary beneficiary has less than a high school education.
Specifically, for these households, a $1000 increase in Social Security income led to a 5.8
percentage point (18.5 percent) drop in the probability of having three or more depressive symptoms. In contrast, the effect for high-education households is statistically insignificant.
Finally, we assess the extent to which the impact of income varies at different levels of cognition using an instrumental variable quantile regression model. The results presented in Table 8 show that there is a larger effect of income at higher quantiles. At the 10 th quantile, a $1000 increase in Social Security income is associated with a 0.6 unit increase in the total cognition score, while at the 90 th quantile a similar amount of income results in a 6.7 increase in the total cognition score. Thus, while higher Social Security benefits are beneficial to all groups, individuals with better cognition benefit more from increases in income. This suggests that disparities in cognition increase sharply with income.
Conclusion
Using data from a nationally representative survey of older adults, we find that higher Social Security income significantly improves health outcomes among the elderly. Specifically, we find that increases in annual Social Security benefits led to significant improvements in functional limitations and cognitive function, and that the improvements in cognition function were larger for individuals with better cognition. We also find significant improvements in mental health, but only in the subsample of households whose primary beneficiary has less than a high school education. In contrast, we do not find any significant improvements in self-rated health. By using a quasi-experimental approach based on amendments to the Social Security Act in the 1970s, this study is able to address several limitations of prior literature on the relationship between income and health, including unmeasured confounders and reverse causality.
The findings of our study have important implications for aging populations and for public policy. As discussed above, several proposals that would change Social Security benefits in order to address the financial solvency of the Social Security Trust Fund are currently under consideration by policymakers. During a period of renewed policy discussion around changes to entitlement programs for the elderly, it is important to understand whether changes to Social Security might influence the health and well-being of the elderly. Our findings suggest that reductions to Social Security benefits could potentially have significant negative impacts on the functional limitations and cognitive function of older adults, while increases in benefits could lead to improvements in health outcomes. In addition to the direct impact on population health, changes in Social Security benefits may also affect public health insurance programs such as Medicaid and Medicare since functional limitations and cognitive impairments are often associated with significant health care spending. Thus, any increased program outlays on Social Security benefits could potentially be offset by reduced health care expenditures by the Medicaid or Medicare program. However, further research is necessary to fully understand the net impact of changes to Social Security benefits on aggregate spending by federal and state governments. 
